A general method for generation and analysis of defined mutations in enzymes involved in a tetrahydrofolate-interconversion pathway.
In eukaryotes, 10-formyltetrahydrofolate (THF) synthetase, 5,10-methenyl-THF cyclohydrolase and 5,10-methylene-THF dehydrogenase activities are present on a single polypeptide termed C1-THF synthase. These reactions are generally catalyzed by three separate monofunctional enzymes in prokaryotic cells. In this report a general method for the generation, detection and analysis of specific mutations affecting the catalytic activity of any of the reactions catalyzed by C1-THF synthase or its monofunctional counterparts is described. The method relies on plasmid-borne expression of genes in strains of the yeast Saccharomyces cerevisiae that are missing one or more of the activities of C1-THF synthase. Specific segments of the gene are subjected in vitro to random mutagenesis, the mutant genes expressed in yeast and screened by phenotype for inactivating mutations. Plasmids encoding mutant enzymes are recovered for sequence analysis. One-step purification of C1-THF synthase from the yeast expression system is demonstrated. The feasibility and versatility of the method is shown with the yeast ADE3 gene encoding the cytoplasmic C1-THF synthase and the gene encoding the monofunctional 10-formyl-THF synthetase from Clostridium acidiurici.